AUDIO/VIDEO AND DATA SIGNAL REDISTRIBUTION SYSTEM 



Cross-Reference to Related Applications 

This application is a continuation-in-part of Application No. 09/127,963, filed 
August 3, 1998. 

Field of Invention 

This invention relates to communications systems. In particular, this 
invention relates to an interactive audio/video and data telecommunications system which 
integrates and redistributes audio/video and data signals received in multiple formats to 
multiple users over existing telephone wires. 

Background of the Invention 

Modern society is heavily reliant upon many different kinds of audio/video 
and data telecommunications services affecting all aspects of daily life. Television is one 
of the most popular sources of information and entertainment. Other sources of 
information and entertainment include computer networks such as the Internet, which 
today offers services such as interactive shopping, banking, gaming, venues for discussion 
and social intercourse and many other products and services, home video games, 
video/DVD movie rentals, radio and television broadcasts and the like. These types of 
services provide a virtually unlimited variety of information and entertainment to 
practically every corner of the world. 

However, these services have evolved independently over many decades 
and as such are provided in different formats and through disparate channels of 
distribution. For example, television signals can be received by off-air antenna, cable 
redistribution networks (CATV) and satellite broadcasts, but access to each signal source 
is independent of the others and requires specialized equipment and/or service providers. 
A television set can be equipped to receive signals from all of these sources, but only one 
at a time so some form of switching equipment at the receiving end is required to change 
the television signal source. Further, each of these signals itself comprises many channels, 
which complicates attempts to pool the services into a single integrated system. The 



Internet is accessible by modem over CATV or telephone wires, but is typically 
connected to a computer which is a completely separate viewing system. 

Prior to the invention there has never been a system available for 
integrating these types of services, which would allow a user to instantaneously access 
any channel provided by any telecommunications or broadcast service using a single 
system. Moreover, prior to the invention there has not been an inexpensive system 
available which is interactive, simple to use and delivers any desired telecommunications 
and broadcast service over a single network of twisted pair telephone wires. 

A new technology known as Digital Subscriber Line (DSL) is now 
available which carries high-bandwidth data to subscribers over PSTN telephone lines 
using a form of fixed frequency Direct Multitone (DMT). Where the subscriber is located 
in proximity to a telephone company which offers DSL service, data rates of up to 7 Mb/s 
are available, which permits the continuous transmission of video (including motion 
video) and audio signals without interfering with telephony (voice) transmissions. 

In conventional analog telephony the data rate is limited by filters which 
convert digital data streams to analog form suitable for PSTN telephone transmission 
cables, which is very bandwidth intensive. In DSL, digital data is transmitted without 
conversion to analog, which allows for a much wider transmission bandwidth in a signal 
that can be separated from the analog voice signal. However, in order to accomplish this 
over existing PSTN wiring, all existing digital-to-analog filters must be removed, which 
is a very expensive process, which increases as the distance from the telephone company 
facility increases, and results in a high cost to DSL subscribers. Moreover, outdoor PSTN 
cable is subject to degradation, and any signal carried on outdoor wiring is vulnerable to 
ambient em interference and attenuation due to multiple taps and other connections. 
These factors combine to limit the usefulness of fixed frequency DMT. 

It would accordingly be advantageous to provide a system for integrating 
broadcast and telecommunications signals from a variety of sources, which can utilize 
conventional twisted-pair telephone wiring within a subscriber's premises and does not 
rely upon transmission to the premises via outdoor PSTN cables utilizing dynamic 



frequency allocation (DFA). It would further be advantageous to provide such a system 
which permits interactive signal selection of virtually any type of broadcast or 
telecommunications signal by a user, and which maximizes definition and minimizes 
interference by adaptively allocating bandwidth to signals based on the nature of the 
signal and its data content, amongst other factors. 

Summary of the Invention 

The present invention provides an interactive audio/video and data 
redistribution system which pools the various broadcast and telecommunications services 
available to a user, integrating these services in a single system which redistributes 
audio/video and data signals received in multiple formats to multiple users. The invention 
allows each user to remotely select and control the audio/video or data signal source 
desired to be viewed or accessed and provides access any available broadcast and 
telecommunications system through a single receiving unit, in the preferred embodiment a 
television receiver or microprocessor appliance (MP A) such as a computer. Further, the 
invention provides an interactive system which is simple to operate and allows the user to 
utilize interactive services such as those available over the Internet. Still further, the 
invention can be implemented over existing telephone wires, which considerably reduces 
the cost of the system and renders installation of the system easy and inexpensive. 

The invention accomplishes this by providing a redistributing device 
which is equipped to receive telecommunications signals in any desired format and 
redistribute selected signals to a user's premises. The redistributing device is in interactive 
communication with an interface located in the user's premises which receives control 
signals from the user input using, in the preferred embodiment, a conventional infrared 
(IR) remote control device, and contains switching circuitry which routes the selected 
signal to the user's premises where it is received by the receiving unit, preferably a 
television receiver or microprocessor appliance (MP A) such as a computer. 

A single redistributing device services an entire multi-user network from a 
common distribution point for conventional telephone wire, and services multiple users 
independently. Thus, in the preferred embodiment the redistribution occurs within the 
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users' premises or a central office and is not reliant upon transmission across outdoor 
cable. 

Moreover, the system of the invention does not interfere with normal use 
of the telephone network, so users can be interactively access services provided by the 
5 system and use the telephone at the same time, or any existing off-air or CATV wiring, so 
users have the option of receiving services over these networks as well. 

Each user may select access to a telecommunications system or program 
from a menu-driven user interface, which may provide many levels of sub-menus with 
options specific to the particular telecommunications service selected by the user. The 
10 users within the network thus can instantaneously and independently access any available 
telecommunications service regardless of the input signal format. 

In the preferred embodiment the system of the invention is equipped with 
channel lockout for parental control, optionally a signal processor which prevents 
videotaping of received programs, a magnetic card reader or other access control device, a 
15 system log which records all activities and services accessed by users within the network 
for billing purposes, a system override which allows the system operator to deny access to 
selected users of selected services, or redistribute selected programming (for example a 
message in an emergency situation), and other features which will become apparent from 
the description below. 

20 In the preferred embodiment, the system of the invention dynamically 

selects and allocates a redistribution frequency and modulation technique suitable for the 
particular service (signal) selected by each user. This may be based on such factors as 
interference from other sources, attenuation due to cable length (to subscriber premises) 
and cable type, signal-to-noise ratio, data density of the signal and signal sharing with 

25 other subscriber-selected signals being redistributed. 

The system of the invention also permits multiple broadcasts to be carried 
within a single signal using suitable modulation techniques, for example quadrature 
amplitude modulation (QAM). This allows the same twisted pair to accommodate 
command signals, rebroadcast output signals, analog voice signals and data signals at the 
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same time; and permits a single subscriber to receive more than one broadcast or 
telecommunications service at a time, superposed within a single signal, so that different 
receivers within a single subscriber premises can receive different services. 

One preferred embodiment of the invention is a browser-based system, 
5 according to which the selected signals are redistributed in browser-compatible format. 
This allows the system of the invention to be used with computers, either connected to a 
browser-adapted wall plate (using, for example, TCP/IP or open transport protocols), or 
within an intranet or local area network. In this embodiment redistributed motion video 
data signals are displayed by commercially available motion video helper software, with 
10 or without associated audio, in compressed or uncompressed format. 

The system of the invention also has the capacity to monitor, track and 
record subscriber usage for each broadcast or telecommunications service, and to 
selectively block or enable specific services to individual subscribers. The system may 
also include billing software which invoices subscribers based on usage of each service 
1 5 over any specified period. 

The system of the invention thus integrates Internet, television, video-on- 
demand, telephony, data transfer, gaming, music-on-demand and T-commerce (television- 
based commerce) into a single interactive system which can be made accessible to each 
unit within a building or complex, or alternatively to each subscriber within a local loop, 

20 all over conventional twisted-pair telephone wiring. Further, because the system of the 
invention is connected to all broadcast and telecommunications services, it can be used to 
reroute long distance telephone service to Internet telephony (VoIP and VoFR), with 
attendant cost savings to the subscriber, and to route an Internet connection (eg. 
audio/video data signals) to a computer or a television receiver with the appropriate signal 

25 format. 

The present invention thus provides a system for redistributing a plurality 
of audio/video and data signals over conductors, comprising a server, and a redistributor 
for receiving a plurality of input signals, comprising for each input signal, a demodulator 
for demodulating the signal, the server controlling an output channel selection of the input 
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signal responsive to one or more control signals input into a communications interface, 
wherein the redistributor dynamically selects and allocates a redistribution frequency 
suitable for each output signal based on one or more of: attenuation due to interference 
from other sources, attenuation due to cable length, signal loss, signal-to-noise ratio, data 
5 density of the output signal and signal sharing with other output signals. 

The present invention further provides a method of redistributing a 
plurality of audio/video and data signals to a plurality of communications interfaces over 
conductors, comprising the steps of (a) receiving a plurality of input signals at a signal 
redistributor, (b) demodulating each input signal, (c) processing each input signal to a 

10 format suitable for switching, (d) switching an output of the redistributor according to one 
or more control signals input into a communications interface, (e) selecting and allocating 
a redistribution frequency suitable for the output signal based on one or more of: 
attenuation due to interference from other sources, attenuation due to cable length, signal 
loss, signal-to-noise ratio, data density of the output signal and signal sharing with other 

15 output signals, and (f) routing the output of the redistributor to the communications 
interface for transmission to a receiving device. 

In a further aspect of the invention the output signal comprises a plurality 
of superposed signals, whereby each of a plurality of communications interfaces within a 
single subscriber premises is tuned to a different frequency so as to transmit to its 
20 associated receiver one of the superposed signals. 

Brief Description of the Drawings 

In drawings which illustrate by way of example only a preferred 
embodiment of the invention, 

Figure 1 is a block diagram of a redistributor according to the invention, 

25 Figure 2 is a block diagram of a communications interface for the 

redistributor of Figure 1, 

Figure 3 is a diagrammatic illustration of a user interface, 



Figure 4 is a block diagram of a communications interface for a further 
embodiment of the redistributor operating on a single twisted-pair telephone conductor, 
and 

Figure 5 is a block diagram of a redistributor adapted for the 
communications interface of Figure 4. 

Detailed Description of the Invention 

As illustrated in Figure 1, the invention comprises a redistributing device 8 
and communications interface 100. The redistributor 8 serves as a telecommunications 
signal receiver and router/distributor, receiving a plurality of audio/video and data input 
signals and redistributing user-selected signals to multiple users from the common 
distribution point of the telephone wiring at the multi-user site or telecommunications 
office location. The communications interface 100 is located in each individual unit and 
delivers the selected input signal from the redistributor to the receiving device 2, in the 
preferred embodiment a conventional television receiver or MP A, and receives control 
signals input by the user for transmission to the redistributor 8 to select the input signal 
and communicate interactively where the selected input permits. As used herein 
"audio/video and data signals" refers to all telecommunications and broadcast signals 
containing digital or analog information which may comprise audio information, video 
information, data, communications protocol, or any combination thereof. 

The redistributor 8 receives signals in multiple formats, processes the 
signals and, based on commands transmitted through the communications interface 100, 
redistributes the selected signal to the user. The command signals are transmitted to the 
redistributor 8, and the signals are distributed to the users, over conductors which 
preferably comprise twisted-pair telephone wire 1 . In one preferred embodiment 
command signals are transmitted to the redistributor 8 on the voice (red-green) twisted 
pair, and redistributed signals are transmitted to the receiver 2 on the unused (yellow- 
black) pair. 

In rare cases where existing telephone wiring will not accommodate this 
arrangement, for example in the case of a single pair cable, four-conductor twisted-pair 



cabling can be installed for the system of the invention or the building ground may be 
used as a common ground for the redistribution and command signal pathways, allowing 
the invention to operate effectively over a single pair of telephone wires, as described in 
greater detail below. Alternatively, both the command signals and the redistributed 
signal(s) can be dynamically modulated on top of the voice signals (typically at 4 to 7 
kHz) and around the command signals (for example at 1 80 kHz) by suitable modulation 
techniques, such as quadrature amplitude modulation (QAM), occupying any unused 
frequency between the voice and command signal basebands and up to 1 GHz. In new 
buildings where the system of the invention is contemplated in the building plans, eight 
pair cabling may be installed (instead of two or four pair cabling) to maximize the 
advantages provided by the invention, which would facilitate the servicing of multiple 
television receivers 2 in a single unit as described below. 

The redistributor 8 is installed at a multi-user site, which may for example 
be an apartment or condominium, commercial high rise, hospital, school, a local loop in a 
neighbourhood telephone system, a compound or complex containing many buildings, 
etc. The multi-user site may be any site or network which provides a common distribution 
point for conventional twisted-pair telephone wire, for example PSTN, network category 
five copper cable or any other local area network cabling, distributed to individual units 
within the site. Existing wiring in such multi-user sites is almost invariably, as a 
minimum, four-conductor twisted-pair copper wire distributed from a common 
distribution point to individual units. Examples of multi-user sites are apartments 
buildings, office towers, hospitals, a block of detached houses networked in a local loop, 
schools (through intercom wiring to individual classrooms), etc. 

Each input comprises a demodulator and processor for the particular 
format of the input signal. The preferred embodiment illustrated in Figure 1 incorporates 
various types of signal inputs by way of example only. The system of the invention may 
be equipped to receive and redistribute any video, audio, audio/video or data signal in any 
format, including all remote audio/video and data signals and local audio/video and data 
signals (such as a signal from a closed-circuit security camera or local- or wide-area 



network server), and the invention is not intended to be limited to the specific types of 
signals illustrated and described below. 

Off-air input 20 is adapted to receive off-air television signals through an 
antenna 22 configured to receive VHF and UHF frequency bands, including FM broadcast 
bands. The off-air signal is received by a frequency-agile off-air demodulator 24 with a 
tuner preferably compatible with at least NTSC, PAL, and SECAM video formats, which 
processes the separate audio and video signals to baseband for injection into off-air 
processor 26, which in turn processes the signals for switching, as described below. The 
input frequency selection is controlled by commands transmitted by the user with a 
conventional remote control through communications interface 100 to the server 6, which 
controls the cross point matrix switcher 7 through data buss A. 

CATV input 30 is adapted to receive CATV signals through conventional 
coaxial cable 32. The CATV signal is received by a frequency-agile CATV demodulator 
34 with a tuner adapted to receive CATV signals throughout sub, low, mid, hyper and 
super bands in both inter-harmonically related carriers (IRC) and harmonically related 
carriers (HRC). The demodulator 34 processes the separate audio and video signals to 
baseband for injection into CATV processor 36 which processes the signals for switching. 
The input frequency selection is controlled by commands transmitted by the user through 
communications interface 100 to the server 6, which controls the cross point matrix 
switcher 7 through data buss A. 

DSS input 40 is adapted to receive DSS (direct satellite) signals received 
by satellite dish 42 through a frequency agile DSS demodulator 44, which processes the 
separate audio and video signals to baseband for injection into the DSS processor 46. The 
demodulator 44 is preferably adapted to receive the DSS signal in both C and KU bands, 
independent of protocol and format, with a tuner compatible with NTSC, PAL, and 
SECAM and a receiver bandwidth of approximately .900 to 21 .8 GHz. The demodulator 
44 processes the separate audio and video signals to baseband for injection into DSS 
processor 46 which processes the signals for switching. The input frequency selection is 
controlled by commands transmitted by the user through communications interface 100 to 
the server 6, which controls the cross point matrix switcher through data buss A. 
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MMDS input 50 is adapted to receive MMDS (multi-point multi- 
distribution system) signals received MMDS antenna 52 through a frequency agile 
MMDS demodulator 54, which processes the separate audio and video signals to 
baseband for injection into the MMDS processor 56. The demodulator 54 is preferably 
adapted to receive the MMDS signal in 2.4 GHz and 22 GHz bands, independent of 
protocol and format, with a tuner compatible with NTSC, PAL, and SECAM. The 
demodulator 54 processes the separate audio and video signals to baseband for injection 
into DSS processor 56 which processes the signals for switching. The input frequency 
selection is controlled by commands transmitted by the user through communications 
interface 100 to the server 6, which controls the cross point matrix switcher 7 through 
data buss A. 

MPEG input 60 is adapted to receive MPEG signals through MPEG 
decoder for processing by demodulator 64, which processes the separate audio and video 
signals to baseband for injection into the MPEG processor 66. The demodulator 64 is 
preferably adapted to receive the MPEG signal in 1, 2 or 4, for example from a video 
server or video library. The demodulator 64 is independent of protocol and format, and 
has a tuner compatible with NTSC, PAL, and SECAM. The demodulator 64 processes the 
separate audio and video signals to baseband for injection into MPEG processor 66 which 
processes the signals for switching. The input selection is controlled by commands 
transmitted by the user through communications interface 100 to the server 6, which 
controls the cross point matrix switcher 7 through data buss A. 

Graphics input 70 is adapted to receive component video signals from a 
video source such as a video game server 72 for processing by demodulator 74, which 
serves as a VGA or computer generated video and audio signal to composite converter. 
Text, graphical user interfaces navigation screens and video games and are separated into 
audio and video baseband signals for injection into the graphics processor 76 which 
processes the signals for switching. The input selection is controlled by commands 
transmitted by the user through communications interface 100 to the server 6, which 
controls the cross point matrix switcher 7 through data buss A. 



Internet input 80 is adapted to receive component video signals from a 
computer 82 for processing by demodulator 84, which serves as a VGA or computer 
generated video and audio signal to composite converter. Internet browser and 
communications is not limited by protocol or architecture. Internet processor 86 processes 
the signals for switching. Navigation is controlled by commands transmitted by the user 
through communications interface 100 to the server 6, which controls the cross point 
matrix switcher 7 through data buss A. 

Closed-circuit input 90 is adapted to receive component video signals from 
a closed-circuit camera 92, for example a security camera, for processing by demodulator 
94, which serves as a VGA or computer generated video and audio signal to composite 
converter. Closed-circuit processor 96 processes the signals for switching. Switching 
between different cameras is controlled by commands transmitted by the user through 
communications interface 100 to the server 6, which controls the cross point matrix 
switcher 7 through data buss A. 

The server 6 is preferably an open architecture, platform independent and 
scalable computer having as a minimum a 486 microprocessor. The server 6 controls the 
upstream data from the communications interface 100 and all demodulated inputs, and 
manages the database as described below to provide accounting, billing, audit trails and 
programme history. The server 6 provides many communications ports for ISDN, fibre, 
satellite, PSTN, analog and digital input-output devices and/or any other desired 
accessory. The server 6 also functions as a router to control and route information through 
the data busses A, B and C. 

The demodulator data bus B interconnects all demodulators and decoders 
and interfaces to the server 6. The buss B is not limited to protocol, speed, frequency, 
form factor or format. 

The processors 16, 26, 36, 46, 56, 66, 76, 86 and 96 process their respective 
incoming signals into a format that is able to be switched by the cross point matrix 
switcher 7 and sent to the communications interface 100 over unshielded twisted pair 
copper cable. The processors 16, 26, 36, 46, 56, 66, 76, 86 and 96 each match the 
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impedance of the signal to the output impedance; raise the baseband of the demodulated 
signal (for example to 300 kHz); equalize the high frequency components (for example at 
3 dB) and increase the level of chroma; and increase the peak-to-peak voltage (vpp) of the 
demodulated signal. The processors 16, 26, 36, 46, 56, 66, 76, 86 and 96 also convert and 
translate upstream control signals received by the cross point matrix switcher 7 from the 
communications interface 100 and route the control signals to the server 6 via data buss B. 

The cross point matrix switcher 7 is preferably a wideband multi-channel 
non-blocking many-to-one switch, which is not limited by size, bandwidth, speed, form 
factor, protocol, architecture, format or cable type. Control signals received by and output 
from the processors 16, 26, 36, 46, 56, 66, 76, 86 and 96 are transmitted to the server 6, 
which controls the cross point matrix switcher 7 and routes the selected input to the 
output of the cross point matrix switcher 7 for transmission back to the communications 
interface 100. A separate cross point matrix switcher 7 is provided for and dedicated to 
each communications interface 100 installed in the individual units within the multi-user 
site. 

The processor data buss C interconnects all processors 16, 26, 36, 46, 56, 
66, 76, 86 and 96 and interfaces to the server/router 6. The buss C is not limited to 
protocol, speed, frequency, form factor or format. 

Data buss A interconnects each cross point matrix switcher 7 with the 
server/router 6. The buss A is not limited to protocol, speed, frequency, form factor or 
format. The output of cross point matrix switcher 7 is connected to a standard or custom 
telephone or twisted copper splice block 5. Type Bix and no. 66 are typically used, 
however the configuration of the splice block 5 does not effect the operation of the 
invention. The splice block 5 conveys the output of the cross point matrix switcher 7 to 
the copper pair (red-green) of the existing telephone system or PSTN. The splice block 5 
may also be used for category five or 1 ObaseT cabling. 

The redistributor 8 may also include an HDTV processor 144 for 
processing HDTV signals received at HDTV input 140 by an antenna, satellite dish or 
other suitable receiver 142. The HDTV processor 144 is connected directly to the server 
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6, which controls the channel selection and routes the HDTV signal through a high speed 
data router or hub 150 that distributes HDTV signals from the server 6 over coaxial cable 
or category five or six cable (lOBaseT) network within the multi-user environment. 
Utilizing DFA and selective modulation techniques, the originating HDTV 8 VSB signals 
may be down-converted to base band for transmission on existing PSTN wiring from the 
redistributor 8 to the communications interface 100. Alternatively, the 8 VSB signal may 
be converted by other complimentary modulation techniques such as (but not limited to) 
QAM, QPSK, PSK and the like, for redistribution over PSTN wiring from the 
redistributor 8 to the communications interface 100 for re-emulation to HDTV standard. 
If category five or six cable (which typically has 4 pairs) is used, the HDTV signal 
requires only two pairs and the two unused pairs of the category five or six cable may be 
coupled to the PSTN splicer block 5, as shown in Figure 1 , to effectively merge the 
telephone wiring (red/green and yellow/black) with the unused pairs in the category five 
or six cable. 

Additionally, a movie storage database 146 may be connected directly to 
the server 6, which controls the movie selection responsive to control signals input by the 
user based on a directory accessed by the user through a movie sub-menu. 

The audio/video and data signals output by the redistributor 8 may be 
transmitted to the communications interfaces 100 in the individual units over both used 
and unused pairs of the PSTN. The PSTN is not limited by voltage or frequency, and can 
transmit the full bandwidth of audio/video and data signals over a considerable distance 
with minimal signal loss. The communications interface 100, illustrated in Figure 2, may 
be a self-contained wall plate with one or more RJ1 1 ports, or alternatively may be a 
separate external device which plugs into the RJ1 1 port of a conventional telephone 
wallplate and provides, as desired (but not limited to), one or more RJ1 1 ports, F 
connectors, RJ45, composite audio/video (RCA) ports, component video ports, firewire 
ports, and/or universal serial bus (USB) ports for the receiver 2 and optionally a bypass 
port for the telephone. 

At the communications interface 100, illustrated in Figure 3, the modified 
combination of the signals are received from redistributor 8, and audio/video signals are 
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separated into individual audio and video signals by separator 102. In the preferred 
embodiment the video signal ranges from DC to 4.5 MHz NTSC, PAL or SECAM, and 
the audio (analog telephone) is a sub-carrier ranging between (but not limited to) 4.6 to 
5.0 MHz, preferably around 4.7 MHz. 

The output of the separator 102 is fed into the audio and video 
demodulators 104, 106, respectively. The video output of the separator 102 is preferably 
at an impedance of 75 to 100 ohms, depending on line conditions and the setting of the 
video modulator in the redistributor 8, which will compensate for any mismatch loss and 
common mode rejection. The video signal may be reshaped to clip the H sync and colour 
burst peaks using a horizontal synchronization attenuator and amplifier that is controlled 
by the redistributor 8, to regulate the sync level to the receiver 2 so that illegal recording 
of video may be prevented (a typical television receiver is able to lock to the video signal 
with as little as 15 units of sync, whereas videotape recorders generally require a 
minimum of 25 units of sync to lock effectively to the input signal). 

Optionally a signal-to-noise detector can be provided in the 
communications interface 100, which signals the redistributor 8 to boost the signal output 
level if the signal-to-noise ratio decreases below a threshold level. This would allow the 
redistributor 8 to compensate for the disparate length of telephone cable between the 
splicer block 5 and the communications interfaces 100 in the various individual units (for 
example, a penthouse apartment will experience less attenuation from a roof-mounted 
redistributor 8 than a basement apartment located within the same multi-user site). It is 
also contemplated that a system analyzer for testing the various signals used by the 
system would plug directly into the RJ1 1 port in the communications interface 100, and 
could communicate directly with the server 6 for recording system analysis results. 

The video demodulator 104 then converts the reshaped video into a 
standard composite video signal at 1 vpp for injection to the modulator 110. The 
demodulator 104 also filters common mode rejection and other radio frequency and 
electromagnetic interference. The modulator 110 modulates the video signal to a selected 
channel such as channel 3 using conventional NTSC, PAL, or SECAM modulation 
techniques. The modulator 1 10 is preferably phase lock looped with saw filtering, and 
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frequency agile within the 1 GHz bandwidth spectrum. The communications interface 100 
may be provided with a user-operated switch (not shown) for selection of channel 3 or 4, 
which is standard for domestic video receivers. 

The output of the modulator 1 10 is connected directly to the receiving 
device 2. In the preferred embodiment the receiving device 2 is a television set, however 
it may be a videotape recorder, stereo receiver, MPA or any other device capable of 
receiving an audio/video or data signal. 

The audio sub-carrier signal is received from the output of the separator 
102 and demodulated (stereo on monaural) by audio demodulator 104 to a common audio 
base band signal of approximately (but not limited to) a 20 Hz to 20 kHz frequency range 
with an impedance which can vary from 75 to 600 ohms, for injection to the modulator 
1 10 and optionally directly to an audio output. The demodulator 104 also filters out radio 
frequency and electromagnetic interference. 

The data modulator 120 sends instructions from the interfaces upstream to 
the redistributor 8, receiving a varying data stream from one of a plurality of interfaces, 
which preferably includes an optical interface such as an infrared receiver 122 comprising 
a photoreceptor that receives signal from a common hand held IR remote control device 
123. The remote control 123 is used to input numeric information which controls the 
signal input selection, and the channel selection where the input signal includes multiple 
channels (for example a CATV television signal). The IR receiver 122 may be built into 
the communications interface 100, or may be wired to the communications interface 100 
remotely and mounted at a convenient position such as on the television receiver 2. In the 
preferred embodiment the remote control device 123 will control the power, mute and 
volume, and picture/sound settings of the television receiver 2 directly through the 
television receiver's IR remote system. All other selections are controlled by the 
redistributor 8 based on control signals input by the user into the infrared receiver 122 
using the remote control device 123, and transmitted to the redistributor over live (ring 
and tip) PSTN wiring. 
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The communications interface 100 may also include a data port 124 for 
interfacing with other types of data entry devices, for example a keyboard, a mouse, track 
pad and/or joystick, a bar code and/or swipe card reader, and any other data input device 
which facilitates the input of alphanumeric information for purposes of interactivity . The 
data port 124 is not limited by protocol, standards, speed, clock or voltage. 

The data modulator 120 is preferably also inductively coupled, or direct 
capacitively coupled, to the PSTN telephone connection as at 132. The common PSTN is 
passed directly onto the user without compromise so that telephone, facsimile and Internet 
functions all operate normally. The modulation scheme is selected according to the 
upstream data requirements. FSK has been found to work favourably. The frequency 
bandwidth is variable and the frequency allocation is agile. A frequency in the range of 
160 to 190 kHz has proven effective and does not interfere with telephone signals (which 
are typically in the range of 300 Hz to 1 .5 kHz). The data modulator 120 incorporates 
high and low pass filters, and may operate at data rates ranging from 300 to 30,000 bps or 
as otherwise desired. The circuitry of the communications interface 100 may be 
programmed into an ASIC or like hardware. 

The network card 132 is able to interface with any twisted pair wire, 
whether included in the telephone cable bundle or a separate category three, five, six or 
other cable. The network card is not limited to IEEE lObaseT standards, preferably QAM, 
QPSK, PSK etc. The network card 132 provides an optional interface for connecting 
client or server computers to the system of the invention. Any microprocessor-based 
appliance 134 may be connected to the network card 132 and may include peripherals 
such as printers, scanners, modems etc. The network card 132 may be advantageously 
employed in newer multi-user environments, where existing telephone wiring typically 
provides at least three twisted pairs (often between four and eight pairs) in the PSTN 
cable. 

In one preferred embodiment information input into the communications 
interface 100 using these upstream devices is transmitted to the redistributor 8 over the 
red/green pair of the telephone cable, which is used for the ring and tip lines of the 
telephone service. These control signals are preferably transmitted in a data carrier having 
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a frequency of approximately 180 kHz. The content of the control signals is sufficiently 
sparse as to require very little bandwidth, and the signal is preferably filtered so as not to 
interfere with the telephone service. The ring/tip twisted pair may be used to provide the 
power supply for the communications interface 100, or if insufficient power is available 
from the telephone service the communications interface 1 00 may be powered directly 
from a transformer (not shown) in the redistributor 8 outputting a DC signal along with 
the redistributed output signal over the yellow/black twisted pair. 

Interactivity using the remote control 123 or other infrared device permits 
the user to utilize such services as shopping, banking and electronic commerce, gaming 
etc. which are presently available over the Internet. It is also possible to transmit 
audio/video and data signals over the yellow/black PSTN without interfering with the 
incoming video signal. This would increase the level of interactivity and permit such 
complex data exchange functions as video conferencing. 

In the preferred embodiment for connection to a multiple-pair PSTN 
network a plurality of carriers are established using modulation techniques such as 
frequency division multiplexing, orthogonal frequency division multiplexing, QAM, 
FSK, PSK, QPSK etc. as follows: DC to 4.5 Mhz for video data signals; 4.55 Mhz for 
serial audio (BTSC stereo audio) signals; 8.5 to 12 Mhz for high speed data signals; and 
12 to 13 Mhz for voice data. Carriers at higher frequencies experience higher losses due 
to attenuation, em and rf interference, so in this embodiment the voice carrier is 
preferably constrained to a narrow bandwidth to minimize losses. Other bands may be 
selected as may be suitable for various available modulation techniques. Spread spectrum 
transmission methods conventionally used on AC power lines can also be used to provide 
signals for extra voice and data lines, a printer port, pay-per-use software etc. 

To install the system of the invention, the redistributor 8 is located at a 
multi-user site in the vicinity of the common distribution point for the telephone wiring at 
the site. This may for example be a master telephone panel in a commercial office tower, 
apartment building or hospital, a local loop distribution box in a residential 
neighbourhood, etc. The output of the cross point matrix switcher 7 is connected to the 
PSTN yellow/black pair, or any other unused twisted pair in the PSTN cable, for 
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transmitting the selected input signal to the communications interfaces 100. The input to 
the cross point matrix switcher 7 is connected to the red/green pair (or equivalent ring and 
tip conductors) in the PSTN cable, for transmitting control signals from the 
communications interface 100 to the redistributor 8. 

One or more communications interfaces 100 are installed in the individual 
units within the site. Each communications interface 100 provides at least a remote 
control interface such as an optical interface 122 connected to the red/green PSTN, and an 
output for connection to the receiving device 2, such as a conventional 75 ohm coaxial 
connector, connected to the yellow/black PSTN. A network card 132 is optionally 
connected to a second unused pair in the PSTN cable for interfacing with a personal 
computer, microcomputer or computer network 134. 

The system may be managed by a service provider, who can either pay the 
various input signal providers (where the input signal is a fee-based service) and charge 
the individual units a fee for use of the system, or bill the individual units for payment 
directly to the signal providers. The server 6 maintains a database through which all input 
signal and channel selections input by users in the multi-user site are tracked and recorded 
for billing purposes. This information can also be used by signal providers to produce 
viewership and other statistical and related information. The system of the invention thus 
has the capacity to monitor, track and record subscriber usage for each broadcast or 
telecommunications service, and to selectively block or enable specific services to 
individual subscribers. The system may also include billing software which invoices 
subscribers based on usage of each service over any specified period. 

The service provider preferably has the ability to insert or substitute 
programming into any output signal at any time, for example commercial messages, 
emergency broadcasts or the like, through a signal override resident in the server 6. 

The service provider may also bundle the telephone service with other 
services, for example to resell long distance telephone services through a dedicated port. 
A single twisted pair telephone cable is capable of carrying multiple voice, video and data 
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lines, and could service many lines and extensions in the unit. The reselling scheme could 
include pay-per-use telephone services and any other telephone reselling scheme. 

In the preferred embodiment the cover plate for the communications 
interface 100 provides contact switches which disconnect when the cover plate is 
5 removed, providing an immediate indication that the system is being tampered with to 
prevent attempts to pirate signal services. 

In use, the receiving device 2, preferably a conventional television receiver, 
is maintained on channel 3 or 4 as optionally set by the user. When the television receiver 
2 is turned on the redistributor defaults either to a main menu or to the last input signal 

10 selected by the particular user. An example of a main menu for the preferred embodiment 
is illustrated in Figure3. Each menu option provides a corresponding numerical selection 
parameter which is selected by the user via the remote control 23. The user selects their 
choice of input signal by entering the corresponding numeric selection into the remote 
control 123. The numeric selection is received by the optical interface 122 and a 

15 corresponding control signal is transmitted to the redistributor 8 over the red/green PSTN 
and transmitted to the server 6 via cross point matrix switcher 7. 

The selected menu option may provide any number of levels of sub-menus. 
For example, if the "television" option is selected by entering the number "1" the server 6 
may switch to a submenu offering the options "1 - Off- Air", "2 - CATV", "3 - HDTV" 

20 and "4 - DSS". Using the same remote control 123 the user selects the numeric value 

corresponding to the desired selection, and is prompted to enter the channel number. The 
main menu, sub-menus and prompt messages are generated by conventional browser 
software resident on the server 6. Selectable options may also be embedded in the vertical 
blanking interval of an incoming video signal, accessible by depressing a "hot key" on the 

25 remote control 123 when information (for example a web site URL) is displayed on the 
television receiver 2. 

The server 6 signals the cross point matrix switcher 7 via data buss A to 
connect the selected input signal to the output of the matrix switch 90, and the input 
signal is transmitted to the communications interface over the yellow/black (or other 
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unused) PSTN. If the input signal contains multiple channels, for example in the case of a 
television signal, the server 6 controls a tuner in the corresponding demodulator 14, 24 or 
34 to pass the selected channel. The selected input signal may modulated to channel 3 or 
4 and transmitted to the individual unit to be received on the user's television receiver 2 
through a conventional coaxial or other two-conductor cable 3. Alternatively, a port can 
be provided for direct connection of the component video and audio to the television 
receiver, to be viewed in a "video" mode, which would eliminate the need for an output 
modulator 1 10 in the communications interface 100. 

The capacity of the server 6 is selected having regard to the number of 
individual units within the multi-user site. The server 6 provides a separate cross point 
matrix or digital matrix switcher 7 for each individual unit, and can thus independently 
transmit an input signal to each unit irrespective of input signals selected by users in other 
units. The possible selection of input signals is limited only by the capacity of the 
redistributor 8 to receive signals in any particular format. Where an individual unit has 
more than one television receiver 2, where the telephone cabling contains extra twisted 
pairs the redistributor 8 may be equipped with a separate matrix switcher 7 for each 
television receiver 2 within the unit. Thus, an eight pair twisted cable can support up to 
four separate television receivers 2 in a unit, each television receiver using one pair for 
incoming and outgoing audio/video or data signals and another pair for transmitting 
control signals to the redistributor 8. This capacity can be increased even further by 
assigning an identifier number to each communications interface 100 within a unit, and 
using the ring/tip telephone pair to transmit control signals to the redistributor 8 for all 
television receivers 2 in the unit; the redistributor 8 receives the identifier number and 
routes the audio/video or data signal along the twisted pair associated with the particular 
communications interface 100 so identified. 

Because the telephone wiring in an individual unit acts as a common 
distribution point for that particular unit, a scaled-down embodiment of the invention 
could be used to allow for controlling signals received by a television receiver 2 in the 
unit. For example, the redistributor 8 might receive off-air, closed-circuit and CATV 
signals transmitted to the unit by coaxial cable and 300 ohm wires, and when coupled to 
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the telephone wiring in the manner indicated above a television receiver 8 can be 
switched remotely from one signal input to another. 

In a further embodiment of the invention, communication occurs between 
the redistributor 8 and the receiver 2 over a single pair of telephone wires. In this 
embodiment the building ground conductor is used as a common ground for the 
redistribution and command signal conductors. In this embodiment redistributed signals 
are transmitted to the receiver over the ground and one of the ring/tip conductor pair, for 
example the ring conductor, and command signals are transmitted to the redistributor 8 
over the ground and the other of the ring/tip pair, in this example the tip conductor. The 
ground differential can be compensated by DC restoration using an op amp to cancel any 
60 Hz AC signal hum generated by the building power supply conductors. This 
embodiment is advantageously employed in older buildings which may have only a single 
pair of existing telephone wires, to thus avoid the need to install new wiring in order to 
implement the system of the invention. 

Figure 4 illustrates a communications interface 200 for a further 
embodiment of the invention operating over a single-pair PSTN network, or a single 
twisted pair of a multi-pair cable, with no reference to ground. Rebroadcast signals 
transmitted from the redistributor, illustrated in Figure 5, are thus sent to the 
communications interface 200 over the ring and tip conductors, or any unused twisted pair 
in the PSTN cable. To accommodate the superposition of several signals onto the PSTN 
pair, input broadcast and telecommunications signals are re-modulated and dynamically 
allocated to selected frequencies within the redistributor output signal bandwidth. 

For example, in the embodiment of Figure 4 a plurality of carriers may be 
established as follows: DC to 7 kHz for voice; any available frequency for command 
signals; and 200 kHz and higher for video data signals, serial audio (BTSC stereo audio) 
signals, high speed data signals, voice/fax data and other digital signals. In this 
embodiment suitable modulation techniques such as QAM, FSK, PSK, QPSK etc. are 
employed to modulate the higher frequency output signals. To avoid interference and 
"cross-talk", in the preferred embodiment the system of the invention dynamically selects 
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and allocates a redistribution frequency, and preferably a modulation technique/bit 
pattern, most suitable for the particular signal selected by each user. 

Figure 5 illustrates a redistributor for the communications interface 200 of 
Figure 4, which modulates the redistributor output via any suitable modulation technique, 
5 preferably selected in the manner described below. As in the previous embodiment the 
redistributor may be equipped to receive and redistribute any video, audio, audio/video or 
data signal in any format, and representative inputs are shown by way of example only. 
The signal output of each demodulator is digitized by an analog-to-digital converter 199 
and fed to a frequency-agile modem 195 capable of modulating the signal by QAM, 
10 QPSK, PSK, FSK, or any other suitable modulation technique. A memory 198, for 

example a frame store, is provided to conceal anomalies in the redistributed signal caused 
by momentary interruption of the input signal. 

Processor 197 controls the modem 195 and sweep generator/spectrum 
analyzer 194, which pulses the PSTN line out at multiple frequencies, either when a new 

15 signal is selected by the user or preferably on a continuous basis, generating data 

representing the signal-to-noise ratio, carrier-to-noise ratio, attenuation, bits-to Hertz and 
as desired any other RF parameters of the input signal, for optimization of frequency 
allocation and selection of an appropriate modulation technique by the redistributor. 
Processor 197 controls the operation of the sweep generator/spectrum analyzer 194, 

20 analyzes data generated by the sweep generator/spectrum analyzer 194, and selects the 
frequency and modulation technique for the signal in the manner described below. 

The rebroadcast signals received by the communications interface 200 are 
input to carrier detect/failure bypass 212, for example a solid state normally-closed 
double pole double throw relay, which monitors the input signal for a carrier at a 

25 designated frequency and if the carrier is not present diverts the PSTN signal to PHONE 1 
to restore normal use of the PSTN line by telephone 1 . In normal operating mode, i.e. 
with the redistributor output carrier present, the signal is fed to sweep generator/spectrum 
analyzer 214, which (like the redistributor' s sweep generator/spectrum analyzer 194) 
pulses the PSTN line in at multiple frequencies, preferably on a continuous basis, to 

30 assess RF parameters of the input signal. The processor 240 controls the operation of the 
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sweep generator/spectrum analyzer 214, analyzes data generated by the sweep 
generator/spectrum analyzer 214, and where a signal anomaly is detected signals the 
redistributor to reallocate the signal. 

It is possible to program the system so that the processor 240 can 
dynamically reallocate frequencies and change modulation techniques, however in the 
preferred embodiment only the redistributor' s sweep generator/spectrum analyzer 194 
selects the frequency and modulation technique for each redistributed signal, and the 
sweep generator/spectrum analyzer 214 in the communications interface 200 merely • 
signals the redistributor in the case of a signal anomaly. 

All control and rebroadcast signals are processed within the 
communications interface 200 in the digital domain by digital signal processor 240, which 
may for example comprise a RISC or any other suitable microprocessor. Processor 240 
also processes the subscriber's infrared commands received via optical interface 122 to 
generate control signals which are modulated to a designated frequency by QAM (or 
QPSK, PSK or any other suitable other protocol) modem 216. These signals are sent to 
the redistributor via the PSTN twisted pair to be processed in the mariner described above. 

The processor 240 outputs signal data to a frequency agile modem 230 
capable of modulating the signal via QAM, QPSK, PSK, FSK or any other desired 
modulation technique. Figure 4 illustrates a communications interface having two 
modems 230 by way of example, however the communications interface 200 may be 
provided with a separate modem 230 for each receiver 2 in the subscriber's premises. 
Each modem 230 outputs a demodulated signal to an MPEG decoder 232 (preferably 
having a dedicated memory 234 which conceals anomalies in the redistributed signal 
caused by momentary interruption due to signal overcrowding, frequency reallocation 
etc.), which outputs the digital signal to the data bus 202. 

The processor 240 controls the modems 230 and receives data output by 
each modem 230 for distribution to graphics browser HTML interface 235, which outputs 
a browser-compatible signal to the data bus 202 that allows the video to be viewed on a 
microprocessing appliance such as a personal computer 82 through network interface 83. 
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On command, the processor 240 outputs digitized video data to local video storage 244, 
for example for time-shifting programming, video replay etc. In the preferred embodiment 
the processor 240 also outputs the digitized video data directly to the data bus 202 for 
communication to peripherals and consumer electronic devices through a Fire Wire 
interface 204 or other communications protocol. 

Telephony is preferably conducted through spread spectrum transceiver 
226, coupled to the output of carrier detect/failure bypass 212, to allow the use of any 
desired number of telephone extensions. 

The allocation of frequency by the redistributor is based on a programmed 
priority, for example using a lookup table or fuzzy logic subroutine, which may consider 
such factors as interference from external sources, attenuation due to cable length (from 
the redistributor to the subscriber unit), signal loss, signal-to-noise ratio, data density of 
the signal and signal sharing with other subscriber-selected signals being redistributed. As 
an example, a facsimile data signal redistributed to one user would ordinarily be allocated 
a lower frequency than a standard definition television signal being simultaneously 
redistributed to another user in the network; a full motion video high definition signal to a 
third user would be allocated an even higher frequency. In each case the redistributor 
"tunes" the respective communications interface 200 to the frequency of the redistributed 
signal using a signal frequency select pulse which precedes the redistributed signal. The 
communications interface 200 thus adaptively alters the reception frequency responsive to 
instructions from the redistributor. 

Moreover, this dynamic frequency allocation occurs in response to 
command signals from other units within the network. Where for example a fourth user 
requests a high speed digital data signal for computer networking, the redistributor 
reviews the existing signal distribution and, based on programming reflecting the factors 
referred to above and the demands of the newly requested signal, may reallocate 
frequencies of existing output signals in order to accommodate the new signal with 
maximum spectral efficiency. Similarly, where an external emr source arises which 
causes interference at frequencies in use by the system, the redistributor may switch the 
affected signals to other frequencies to avoid the ambient interference. The redistributor 
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may be programmed to take into account factors other than those previously indicated, 
which are referenced by way of example only. 

In this embodiment the redistributor may also be programmed to select a 
modulation technique suitable for the output signal demands at any particular time, 
considering the above factors and also selecting a bit pattern for optimal performance 
(pathological signals may require larger bandwidth while pseudorandom signals typically 
require a narrower bandwidth). As with frequency allocation, this process is dynamic and 
provides an "on demand" architecture that makes full use of the available bandwidth, 
allowing multiple unrelated signals to be superposed on a single carrier. 

This allows the a single twisted pair to accommodate command signals, 
rebroadcast output signals and analog voice signals at the same time; and permits a single 
subscriber to receive more than one broadcast or telecommunications service at a time, 
superposed on a single carrier and modulated to different frequencies, so that different 
receivers 2 within a single subscriber unit can receive different services over the same 
telephone line. The redistributor can tune different communications interfaces 200 within 
the subscriber premises to different frequencies, and thus each communications interface 
200 is tuned to the particular frequency of the redistributed output signal corresponding to 
the control signal received by that communications interface 200. 

To install this embodiment of the system of the invention, the redistributor 
is located at a multi-user site in the vicinity of the common distribution point, and the 
output of the cross point matrix switcher 7 is connected to the PSTN ring and tip 
conductor pair or other twisted pair in the PSTN cable, as are the communications 
interfaces 200. The input to the cross point matrix switcher 7 is also connected to the ring 
and tip conductors or other twisted pair for transmitting control signals from the 
communications interface 200 to the redistributor. In this embodiment the redistributor 
discriminates between bandwidths allocated to command signals and other bandwidths, to 
thus accept commands from the user; likewise, the communications interfaces 200 each 
comprise a high pass filter (stop band at 10 kHz) which transmits to the receiver 2 
bandwidths allocated to redistributed signals but not analog voice signals (which are fed 
through a bypass to the RJ1 1 telephone port). 
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One preferred embodiment of the invention is a browser-based system, 
according to which the selected signals are redistributed in browser-compatible format. 
This allows the system of the invention to be used directly with computers, either 
connected to a browser-adapted wall plate (using, for example, TCP/IP or open transport 
protocols), or within an intranet or local area network. In this embodiment redistributed 
motion video, digital stereo sound, etc. signals can displayed by commercially available 
helper software, in compressed or uncompressed format. 

The data bus 202 thus distributes the signal from the redistributor, 
incorporating a plurality of broadcast and telecommunications services in the manner 
described above, to any suitable receiver 2 including a browser-equipped computer 82. 
Standard television receivers 2 receive an analog signal output from digital-to-analog 
converter 111, modulated to channel 3 or 4 by modulator 1 10 as in the previous 
embodiment. Digital and high-definition television receivers 3 receive a DTV or HDTV 
signal output from encoder 215. Computers 82 receive a digital graphics browser-based 
signal through network interface 83, and peripheral or computer electronic devices receive 
a digital signal through Fire Wire interface 204. The number and permutations of available 
signals and receiving devices 2 are virtually unlimited in this embodiment of the 
invention. 

It will be appreciated that the communications interface 200 may be 
designed for direct connection to the PSTN network, as a recessed wall fixture or a wall- 
mounted fixture. Alternatively, the communications interface 200 may take the form of a 
set-top box (STB) which is connected to a standard telephone wall plate by any suitable 
twisted-pair cable, in which case the infrared receiver 122 for accepting infrared 
command signals from the user is preferably integrated into the STB as in the 
embodiment of Figure 2. 

The invention having been thus described by way of example of the 
preferred embodiments, it will be apparent to those skilled in the art that certain 
modifications and adaptations may be made without departing from the scope of the 
invention, as set out in the appended claims. 



